Very recently, the CMS collaboration has reported a search for the production for a Standard Model (SM) Higgs boson in association with a top quark pair (ttH) at the LHC Run-2 and a best fit ttH yield of 1.5 ± 0.5 times the SM prediction with an observed significance of 3.3σ. We study a possibility of whether or not this observed deviation can be explained by anomalous Higgs Yukawa couplings with the top and the bottom quarks, along with the LHC Run-1 data for the Higgs boson properties. We find that anomalous top and bottom Yukawa couplings with about 0 − 20% and 10 − 40% reductions from their SM values, respectively, can simultaneously fit the recent CMS result and the LHC Run-1 data.
After the discovery of Higgs boson at the Large Hadron Collider (LHC) [1, 2] , a next important task of the LHC experiments is to test whether the Higgs boson properties are consistent with those predicted by the Standard Model (SM) or not. The LHC Run-1 data for Higgs boson properties from the combined analysis by the ATLAS and CMS collaborations are summarized in Ref. [3] . Although the current data show that the measured Higgs boson properties are more or less consistent with the SM predictions, more precise measurements are necessary to conclude a consistency of the SM or reveal a deviation from the SM predictions.
Very recently, the CMS collaboration has reported a search for the production for an SM Higgs boson in association with a top quark pair (ttH) at the LHC Run-2 [4] . Targeting Considering that the gauge structure of the SM has been very well established from the electroweak precision measurements [5, 6] , we focus on the Higgs boson Yukawa couplings to the SM fermions, in particular, the Yukawa couplings for the third generation fermions. Since they are very small, the Yukawa couplings for the fermions in the first and the second generations have negligible effects even if they are anomalous, except for flavor-changing anomalous Yukawa couplings. There are example models beyond the SM which predict anomalous Yukawa couplings of the physical Higgs boson, such as the two Higgs doublet models [7] , a 5-dimensional extension of the SM [8] in the Randall-Sundrum warped background [9] , and composite Higgs models [10] .
In this paper, we study a possibility whether such anomalous Yukawa couplings can explain the recent CMS observation of the enhanced ttH production cross section along with the LHC Run-1 data for the Higgs boson properties. 4 We numerically analyze the effects of anomalous top and bottom (and tau) Yukawa couplings on the ttH production, followed by the Higgs boson decays to W W * and ZZ * , as well as the signal strengths of Higgs boson decay modes for H → γγ, W W, ZZ, bb, ττ . Then, we identify a parameter region which is consistent with both the recent CMS result and the LHC Run-1 data.
In the SM, a Yukawa coupling is given by
where Φ is the electric charge neutral component of the SM Higgs doublet field, H is the physical Higgs boson obtained by expanding Φ around its vacuum expectation value (VEV), and f represents an SM fermion. In the right-hand side, the first term is a fermion mass 
where
are the SM Yukawa couplings for the top and the bottom quarks, respectively, and c t = c b = 1 is the SM case. Now we calculate the partial decay widths for various Higgs decay modes:
where the partial decay widths in the SM are given by
and the loop functions are [12]
In our analysis, we employ the center value of the Higgs boson mass m H = 125.09 GeV [3] and the center value of the combination of Tevatron and LHC measurements of the top quark mass m t = 173.34 in GeV [13] . Signal strength ratios of the Higgs boson production via mainly gluon fusion and its decay are calculated from Table 13 in [3] ). For the Higgs production associated with a top quark pair, we have used the CMS result [4]: 1.0 ≤ µ ttH ≤ 2.0. The (gray) shaded region simultaneously satisfies the LHC Run 1 data and the CMS result.
Here, we have added 0.109 Γ SM H→gg , which corresponds to the contributions of Higgs boson production by the vector boson fusion channels (see Table 9 in [3] ), and other contributions to Higgs boson production have been neglected.
For the Higgs boson production associated with a top quark pair, followed by the Higgs boson decays to W W * and ZZ * , we evaluate its signal strength ratio to the SM prediction by
Since the partial decay widths to W W * and ZZ * are independent of c t and c b , µ ttH with the Higgs boson decay to W W * is the same as that with the Higgs boson decay to ZZ * . anomalous bottom Yukawa coupling of c b ≃ 0.9 is sufficient to be consistent with all the LHC data.
One may be interested in considering a unification of bottom and tau Yukawa couplings, which is usually predicted in Grand Unified Theories (GUTs). Although this relation holds only at a GUT scale, we apply it to our analysis, for simplicity. See, for example, Ref. [14] on a GUT scenario with the coupling unification at the TeV scale. Let us introduce an anomalous coupling to tau Yukawa coupling, and parameterize it as
and hence Γ H→τ τ = c 2 τ Γ SM H→τ τ . By imposing the GUT relation of c b = c τ , we calculate signal strength ratios. Our results are shown in Fig. 2 . We find that c t ≃ 1 and a suppressed bottom Yukawa coupling with c b ≃ 0.9 fit the LHC Run 1 data and the CMS result simultaneously.
Finally, we introduce a simple example model in which the physical Higgs boson couplings to the SM fermions are indeed deviated from the SM ones. Let us consider the 5-dimensional SM in the Randall-Sundrum background (see, for instance, Ref. [8] ). The original RS model [9] was proposed to provide a solution to the gauge hierarchy problem by using five dimensional AdS space-time with a metric
compactified on an orbifold S 1 /Z 2 . Here, x, y are the coordinates of four dimensional spacetime and the fifth component, and M, N(µ, ν) denote the indices for the five (four) dimensional space-time.
Suppose that the SM Higgs field H(x, y) propagates in the bulk with the action
where the ordinary quartic Higgs potential is assumed. The equation of motion is obtained as
It is easy to see that the constant VEV is a solution of the equation of motion, v = m 2 /(2λ).
Expanding the Higgs field around the VEV in terms of Kaluza-Klein mode functions f n (y) as
and plugging it back into the equation of motion, we find
nH (x), and we have neglected the nonlinear term. The solution of this equation is given by Bessel functions, J ν and Y ν , as
where ν = 4 + 2m 2 /k 2 , N n is a normalization constant, and b ν (m n ) is a y independent function determined by the boundary conditions. Now, our interest is on the lightest KaluzaKlein mode (n = 1). Noting that the Bessel functions are approximated for m 1 e ky /k ≪ 1 as follows, 
